Abstract
Introduction
Basal Cell Naevus syndrome or Gorlin syndrome (BCNS, MIM#109400) is an autosomal dominant disorder characterized by birth de fects (dental, skeletal and radiographic abnormalities including Falx calcification, bifid/fused ribs and altered vertebral segmentation), as well as a predisposition to tumor development (including early-onset basal cell carcinomata (BCCs), medulloblastoma (~5%) and rhabdomyosarcoma). BCNS results from mutations of the PTCH gene on chromosome 9q23.1 (1, 2) . The human homologue of the Drosophila patched gene, PTCH is a transmembrane protein that functions as the receptor for members of the Hedgehog (Hh) family of intercellular signaling molecules (3, 4) . Sonic hedgehog (Shh), the most widely represented member of this family, is required for many aspects of developmental patterning in the vertebrate embryo (5) .
Ptch normally functions to block Hh signaling by antagonizing the activity of
Smoothened, a seven domain transmembrane protein that is required for transmission of the Hh signal to the nucleus via cubitus interruptus/Gli transcription factors; this results in the activation of target genes including Ptch and Gli (6) (7) (8) (9) (10) (11) . The developmental abnormalities observed in BCNS patients, and in mice that are heterozygous for the Ptch gene (PtchlacZ +/-mice) (12, 13) , indicate that Hh pathway activation is sensitive to Ptch gene dosage. Mutations in PTCH have also been documented in sporadic BCCs and medulloblastomas, indicating that the gene also functions as a tumor suppressor (14) .
Of the various developmental abnormalities described in BCNS, the ocular features remain poorly characterized. Estimated to be present in between 15 and 25% of patients (15, 16) , previous reports include defects of organogenesis (microphthalmia, coloboma), as well as both anterior segment (cataract) and posterior segment abnormalities, the latter including Given the importance of the Hh signaling pathway in eye morphogenesis and retinal development, we reasoned that dysregulation of this pathway caused by haploinsufficiency for a key regulatory component, the Ptch receptor, could cause ocular defects. We studied 30 patients with BCNS and documented a wide range of ocular abnormalities. Amongst these were defects of retinogenesis including fibroglial epiretinal membrane (ERM) formation (diagrammed in Fig.   1B ) and abnormal ganglion-cell axon myelination. To understand the basis for these retinal abnormalities in BCNS patients, we undertook a histological analysis of the retinas of 
Results

Abnormal retinal phenotypes associated with Basal Cell Naevus Syndrome
30 BCNS patients were examined and, in keeping with previous reports, we documented a wide range of ocular abnormalities. The frequency and range of non-ocular manifestations, as previously described, was in keeping with those expected for BCNS (15) . Since BCCs around the eye are a general feature of BCNS they were not included in this study. The ocular abnormalities included: squint (9/30), microphthalmos (1/30) and defects of both anterior segment development (Peters' anomaly 1/30, cataract 7/30) and posterior segment development.
In total, 9/30 patients had early-onset unilateral visual reduction as a direct result of a structural ocular abnormality that could be attributed to BCNS. There were no cases of bilateral visual reduction.
Examination of the posterior segment revealed retinal and vitreoretinal abnormalities in 11 patients. The range of retinal and vitreous abnormalities is shown in Figure 2 and may be classified into two groups:
Inner retinal abnormalities: ERM formation, which is manifest as a cellular proliferation in the surface of the retina, was observed in 8 eyes and in 6 eyes there was evidence of retinal myelination (Fig. 2B) . In a single eye the abnormalities at the interface between the retina and vitreous were associated with a discrete opaque nodule that was consistent with astrocytic proliferation (Fig. 2C) . In other eyes there were focal retinal abnormalities located close to retinal arteries or at sites where retinal arteries and veins cross. Finally in one eye there was an extensive fibroglial ERM encompassing the optic nerve head associated with abnormal retinal vessels (Fig. 2D ).
6
Developmental vitreous abnormalities: Three eyes showed persistence of the fetal hyaloid system. In a further 3 eyes isolated vitreous cysts were present. In one, this was free floating in the vitreous humor. In two cases ( Figure 2E & F) the cysts were close to the macular region of the retina. In one case there was an associated full-thickness retinal (macular) hole (Fig. 2F) . The site and appearance of the surface retinal pathology strongly suggested recruitment of contractile (fibroglial) elements. Furthermore they were focal and indicative of developmental disturbances.
Retinal dysplasia and gliosis associated with Ptch mutation in mice
The basis for these retinal abnormalities in BCNS patients is unclear, therefore, we Since the retinal dysplasia that we observed in PtclacZ +/-mice is similar to that resulting from dysregulated expression of cell cycle components in the retina (26-30), we sought to determine whether defective cell cycle regulation could underlie the retinal abnormalities in 
Methods.
Clinical details
Patients with Gorlin syndrome known to the North-West Regional Genetics Service were ascertained according to guidelines approved by the North-West Region Ethics Committee. A thorough medical history was obtained and examinations were performed seeking evidence of developmental, dermatological, and dental problems. 30 individuals underwent a complete eye examination, including slit-lamp biomicroscopy, applanation tonometry and dilated fundus examination. at Pennsylvania State University on February 23, 2013
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